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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **#* s hows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the phasing simulator treating the wave of N+1 wave which consists of the wave of 
choice, and N wave interference wave a) N+1 random-number-generation circuit group which 
generates a respectively independent white normal random number process (N is the natural 
number), b) Input the output from said N+1 normal random number generating circuit group, and 
weighting composition of each input signal is carried out. The weighting composition circuit which 
outputs a random-number sequence group with N+1 correlation, and N+1 low-pass filter group 
which considers each of the random-number sequence group with N+1 correlation obtained from 
the c aforementioned weighting composition circuit as an input, d) The 1st N+1 store circuit 
group which memorizes distribution of the short section median fluctuation to the wave of said 
wave of choice and N wave, e) N+1 multiplier group which carries out the multiplication of the 
output of said N+1 low-pass filter group to the value memorized by said 1st store circuit group, 
f) The 2nd N+1 store circuit group which memorizes the long section median over the wave of 
said wave of choice and N wave, g) N+1 adder group which adds the long section median over 
the wave of said wave of choice memorized by said 2nd N+1 store circuit ^roup, and a N wave to 
each output of said N+1 multiplier group, h) Phasing simulator characterized by having the 
change-of^variables circuit which performs a change of variables to the output of said N+1 
adder group. 

[Claim 2] N+1 normal random number generating circuit group according to claim 1 — setting 
a — the phasing simulator according to claim 1 characterized by what the independent white 
normal random number process generated from said N+1 normal random number generating 
circuit group has respectively equal distribution for. 

[Claim 3] As opposed to 1 , 2, N+1 a weighting composition circuit according to claim 1 — 
setting — N+1 input signal (N is the natural number), Ri, and i= — a) 1st [ to an input signal Ri 
(i= 1, 2, N+1) ] weighting multiplier group ai and i The store . circuit group 1 to memorize, b) 
said 1st weighting multiplier group ai and i 1st N+1 multiplication circuit group Multii and i which 
considers said input signal Ri (i= 1, 2, .... N+1) as an input, respectively c) i-th input signal Ri (i= 
1, 2, .... N+1) The 2nd N+1 -i receiving weighting multiplier group ai andj and the 2nd store circuit 

group which memorizes G=i +1, i+2 N+1), d) — said i-th input signal (i= 1, 2 N+1) Ri Said 

2nd weighting multiplier group ai andj and 2nd multiplication circuit group Multii andj which 

considers G=i +1, i+2 N+1) as an input e) — the inside of the output of the k-th multiplication 

circuit (k= 2, 3, ... N+1) (Multik and k) of said 1st N+1 multiplication circuit group, and said 2nd 
multiplication circuit group — Multin and k — ( — n= — the adder group of 1, 2, N individual 
that considers the output of k-1) as an input Claim 1 characterized by having, and a phasing 
simulator given in two. 

[Claim 4] the 1st and the 2nd weighting multiplier group according to claim 3, and ai andj < 

j= — 1, 2 N+1 j=i, i+1, N+1) — setting — the inside of a weighting composition circuit 

output — the normalization correlation coefficient of the i-th output and the j-th output — rho 
— I j (=rho j and i), and each square — the time of setting the average to 1.0 — tEquation 1] 



a) a u - 1.0, a XJ f>\j t a 2tl - y^LO-a^, (/ - 2, 3, • • • , Jv" + 1) t L . ■ 

b) ; = 3.4,. • • ,N + 1 OJH-C j *[S£ U «j = tMzL^i^tl { ;^t, * = 

kLT**.tlMK»K*UiJ- l,2,-.-,JV+l * = 1,2,.. ,; 
Claims 1 and 2 characterized by things, and a phasing simulator given in three. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the high phasing simulator of the versatility 
which can simulate the channel in consideration of correlation of shadowing produced on the 
wave of choice, and N wave interference wave. 
[0002] 

[Description of the Prior Art] The following three phenomena can be mentioned as a factor by 
which the radio-wave-propagation environment in a land-mobile communication link is 
characterized. 

[0003] 1. Phenomenon of Changing Receiving Level Sharply if Sending Station or Receiving 
Station Carries Out Subcarrier Wavelength Order Extent Migration in order to Receive Signal 
with which Wave whose Difference of Travelling Distance is Subcarrier Wavelength Order Extent 
was Compounded (Rayleigh Fading) 

2. Phenomenon Which Distortion by Ghost or Intersymbol Interference Produces when Wave 
more than Inverse Number Order of Signal Bandwidth is Compounded for Difference of Travelling 
Distance (Frequency Selective Phasing) 

3. Fluctuation of Received Signal Level by Signal being Interrupted with Building and Tree of 
Sending Station or Perimeter of Receiving Station (Shadowing, Short Section Median 
Fluctuation) 

In a land-mobile communication link, since these phenomena compound and arise, it is necessary 
to take a very complicated propagation model into consideration. In order to simulate such a 
propagation environment, the thing (for example, Ichiro Tsujimoto, a "phasing simulator", 
Japanese Patent Application No. 2-86352) in consideration of frequency selective phasing and 
Rayleigh fading is known, on the other hand, as a simulator also in consideration of the 
effectiveness of shadowing, the thing of a configuration of simulate Rayleigh fading based on the 
value be know like drawin g 2 using the data of the received signal level fluctuation by shadowing 
obtained by conduct the experiment which discharge an electric wave actually (the Kanai 

Seiji Kondo, the Furuya "the high-speed hand off method experiment system for 
digital mobile communication", the Institute of Electronics, Information and Communication 
Engineers, a radio communications system seminar technical report, RCS89-1989 [ 37 or ]). 
[0004] 

[Problem(s) to be Solved by the Invention] As mentioned above, as a phasing simulator in 
consideration of shadowing, only the thing using the data based on an experiment is known, but 
versatility is dramatically low. Furthermore, in cellular system, the exaggerated reach of an 
electric wave etc. will receive the electric wave from two or more base stations which exist in 
the various directions with a mobile station. It is thought that mutually related high shadowing 
has produced shadowing from the base station which sees from a receiving point and exists in 
the same direction since it is generated with the surrounding building and surrounding tree of a 
transmitting point or a receiving point to the electric wave, and mutually related low shadowing 
has arisen from a base station which tends to be different to an electric wave, and in order to 
obtain the high simulator of versatility in this way, it is necessary to also take correlation of 



shadowing into consideration. 
[0005] 

[Means for Solving the Problem] In the phasing simulator treating the wave of N+1 wave which 
consists of the wave of choice which is this invention, and N wave interference wave a) N+1 
random-number-generation circuit group which generates a respectively independent white 
normal random number process <N is the natural number), b) Input the output from said N+1 
normal random number generating circuit group, and weighting composition of each input signal is 
carried out. The weighting composition circuit which outputs a random-number sequence group 
with N+1 correlation, and N+1 low-pass filter group which considers each of the random-number 
sequence group with N+1 correlation obtained from the c aforementioned weighting composition 
circuit as an input, d) The 1st N+1 store circuit group which memorizes distribution of the short 
section median fluctuation to the wave of said wave of choice and N wave, e) N+1 multiplier 
group which carries out the multiplication of the output of said N+1 low-pass filter group to the 
value memorized by said 1st store circuit group, f) The change-oi^variables circuit which 
performs a change of variables to the output of said N+1 multiplier group, g) The 2nd N+1 store 
circuit group which memorizes the long section median over the wave of said wave of choice and 
N wave, h) It has N+1 adder group adding the long section median over the wave of said wave of 
choice memorized by said 2nd N+1 store circuit group, and a N wave to each output of said N+1 
change-of-variables circuit group. 

[0006] the normal random number generating circuit group of the phasing simulator of this 
invention — setting — a — what has respectively equal distribution is used for the independent 
white normal random number process generated from said N+1 normal random number 
generating circuit group. 

[0007] In the weighting composition circuit of the phasing simulator of this invention As opposed 

to 1, 2 N+1 N+1 input signal (N is the natural number), Ri, and i= — a) — an input signal Ri — 

( — i= — 1, 2 1st [ to N+1) ] weighting multiplier group ai and i With the store circuit group 1 

to memorize b) — said 1st weighting multiplier group ai and i said input signal Ri — ( — i= — 1st 
N+1 multiplication circuit group Multii and i which considers 1, 2, .... N+1) as an input, respectively 

c) i-th input signal Ri (i= 1, 2 N+1) The 2nd N+1H receiving weighting multiplier group ai and j 

and the 2nd store circuit group which memorizes G=i +1. i+2 N+1), d) — said i-th input signal 

(j= 1, 2 N+1) Ri Said 2nd weighting multiplier group ai and j and 2nd multiplication circuit group 

-Multii and j which considers G=i +1. «+2 N+1) as an input e) — the inside of the output of the 

k-th multiplication circuit (k= 2, 3 N+1) (Multik and k) of said 1st N+1 multiplication circuit 

group, and said 2nd multiplication circuit group — Mutiln and k — ( — n= — 1, 2, and ... it has the 

adder group of N individual which considers the output of k-1) as an input. 

[0008] the weighting multiplier group of the weighting composition circuit of the phasing 

simulator of this application — setting — the inside of a weighting composition circuit output — 

the normalization correlation coefficient of the i-th output and the j-th output — rho — i, j 

(=rho j and i), and each square — the time of setting the average to 1.0 — [0009] 

[Equation 2] 

a) a, ( i - 1.0, a u = p XJ , a 2|2 » y/l.O - (; - 2,3, • ■ • , N + 1) 

[0010] ** — carrying out — bj= — 3, 4 the order of N+1 — j — fixing — [001 1] 

{Equation 3] 

[0012] alike — following — i= ~ 2, 3 j-1 — ** izing like — asking — further — <=u and 

j — [0013] 
[Equati on 4] 

[0014] what is searched for by carrying out — ai, j, and j= — 1,2 N+1 i= — it is asking for 1, 



2 j. 

[0015] 

[Function] Changing R, then R by shadowing according to log normal distribution is known in the 
short section median of receiving level (for example, Moriji Kuwahara editorial supervision, a land 
mobile radiotelephone, the Institute of Electronics, Information and Communication Engineers 
issuance, Corona Publishing, Showa 60). It is here and is [0016]. 
[Equation 5] 

X«log(i2)-log(fl) (1) 

[0017] If a change of variables is carried out, X will serve as a random variable according to an 
average of 0 normal distribution. However, [0018] 
[External Character 1] 

[001 9] It is the median of ** R. 

[0020] By this invention, the change of variables of the variable showing shadowing is carried out 
like a formula 1, and it thinks as a normal-distribution variable. Then, in order to consider the 
case where the wave of N+1 wave of the wave of choice and N wave interference wave exists 
and to simulate shadowing to each wave, for the independent average of N+1 piece, distribution 
is the white normal random number of 1, X1, X2, XN+1 at zero first. It generates. Furthermore, 
in order to take correlation of each shadowing into consideration, it is X1, X2, .... XN+1. Linear 
combination is carried out and the an average of 0 distribution 1 is each the shadowing Y1 with 

correlation by which the change of variables was carried out, Y2 YN+1 . It considers asking. 

here — the correlation coefficient of the i-th wave of N+1 wave, and the j-th wave — rho — i 
and j *# — if it carries out — rhoi and j =rho — j and i (2) 
It is [0021] when object nature is taken into consideration, since it 
[Equation 6] 
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[0022] It is enough, if it comes out and the equation shown is taken into consideration. It sets to 

this equation and a problem is <Yi and Yj> =rhoi and j. (4) 

<YiandYi>=1.0(5) 

They are ai and j so that the conditions to say may be fulfilled. It comes back to the ability to 
set. Here, <Yi and Yj> are YL Yj An average is shown, ai and j If it can set, shadowing with the 
correlation by which the change of variables was carried out will be obtained. A formula (3) and a 
formula (5), and X1+X2, ... and XN+1 From a property, it is [0023]. 
{Equation 7] 



(j>i,i t j~ 1.2," ..JNT+1) 



(6) 



[0024] **********. Moreover, a formula (3) and a formula (4), and X1, X2, ... and XN+1 From a 
property, it is [0025]. 
[Equation 8] 



PiJ - £ *kj*uj (i < 3 i = 1 . 2, • • • . N j = 2, 3, • • • , N + 1) (7) 

[0026] **********. Here, it is a1 and 1 = 1.0 from a formula (6). for i= 1 (8) 

[0027] 

[Equation 9] 
<— i 

« 1-0 /ort>l (9) 

[0028] **********. From a formula (9), it is [0029]. 
[Equation 10] 



[0030] **** ****. Although a formula (10) can take the value from which the sign of** differs, 
since it is easy here, a forward value is used for it. On the other hand, it is [0031] from a formula 
(7). 

[Equation 1 1] 
i 

PiJ a = a \J fori=l t j>i (11). 

feal 

PiJ = IT a *,»* 0 *j + OiV^J fori> l } j>i (12) 
fc=i 

[0032] **********. Furthermore, it is [0033] from a formula (12). 
[Equation 12] 

a <J = — (13) 

[0034] **********. a formula (6) - a formula (13) — ai and j the flow shown in drawing 3 — 

following — ** — it can ask in-izing. ai and j the multiplier given — - using — X1, X2 XN+1 the 

correlation coefficient rho given by carrying out weighting composition — i, j, i, and j= — the 
correlation defined by 1, 2, N+1 — having — the normal-distribution variable Y1 of the an 

average of 0 distribution 1, Y2 YN+1 It obtains. Y1 obtained as mentioned above, Y2, and 

YN+1 It changes into the variable which simulates actual shadowing. Namely, distributed sigmai 
to the interference wave of the wave of choice simulated so that simulation conditions may be 
suited, and N+1 wave Median [0035] 
[External Character 2] 

[0036] each — multiplication — and it adds and inverse transformation of a formula 1 is 
performed. This actuation is [0037]. 
[Equation 13] 

R { = RtlOr*'* i 8 l f 2 t --- f JV + 1 (14) 

[0038] ******** — it is realizable with things, the shadowing Ri which has a cross-correlation 
over the combination of the arbitration of the interference wave of the wave of choice made into 

the object, and N+1 wave by the above, and i= — 1, 2 N+1 can be obtair>ed. 

[0039] 

[Example] The example which applied this invention when the interference wave of the wave of 
choice and two waves was taken into consideration is shown in drawin g 1 . The random-number- 
generation circuit group from which 100 becomesi the radical of shadowing to the interference 



wave of the wave of choice, and two waves in drawing, The memory group 101 remembers the 
long section median of shadowing [ as opposed to / as opposed to / in a weighting composition 
circuit and 102 / a filter group / the interference wave of the wave of choice, and two waves in 
103 ] to be, As for the memory group which memorizes distribution of shadowing [ as opposed 
to / 104 / 105 / a change-of-variables circuit group and / as opposed to / in an adder group 
and 106 / a multiplier group / the interference wave of the wave of choice, and two waves in 
107 ], and 108, an output terminal group and 109 are instant fluctuation phasing simulator groups. 
By the random-number-generation circuit group 100, the three normal random numbers with 
which each becomes independent are generated in the an average of 0 distribution 1 used as the 
radical of shadowing to the interference wave of the wave of choice, and two waves. These 
random-number groups are inputted into the weighting composition circuit 101, and the 
correlation defined beforehand is given. 

[0040] When taking into consideration the interference wave of the wave of choice, and two 
waves, the weighting composition circuit 101 can be constituted like d rawin g 4 . As for an adder, 
and 410-414, for an input terminal, and 403-407, in drawing 4 , memory, and 415-417 are [ 400- 
402 / a multiplier and 408,409 ] output terminals. The random number used as the radical of 
shadowing of the wave of choice outputted from the random-number-generation circuit group 
100, an interference wave 1, and an interference wave 2 is inputted from input terminals 400- 
402, respectively, and weighting composition is carried out as shown in drawin g 4 . Here, it is 
rhoD-I1, rhoD-I2, and rhoI1-I2. It is the correlation coefficient which the wave of choice- 
interference wave 1, the wave of choice-interference wave 2, and the interference wave 1- 
interference wave 2 are made to produce and which was defined beforehand, and is rhoD-I1, 
rhoD-I2, and rhoI1~I2 in memory 410-413. It considers as a variable and is {0041]. 
[Equation 14] 

410 « px>-/, (15) 
414 m p D _ n (16) 
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[0042] The value come out of and given is memorized. Weighting is carried out by memory 410- 
414, the adder 408,409, and multipliers 403-406, desired correlation is added, and the random- 
number group generated from the random-number-generation circuit group 100 is outputted, 
respectively as a random number in which shadowing with the correlation over the wave of 
choice, an interference wave 1, and an interference wave 2 is shown from output terminals 415- 
417. 

[0043] Generally, when taking into consideration N+1 of the wave of choice, and N wave 
interference wave wave, the part of the weighting composition circuit to the input random 

number of j and eye watch (j= 1, 2 N+1) can be constituted like drawing 5 . For an input 

terminal group, 501-1 - 501- 0"D. and 502, as for an adder, and 504-1 - 504-j, in drawing 5 , a 
multiplier and 503 are [ 500-1 - 500-j / memory and 505 ] output terminals. When taking N+1 
wave into consideration, a random number is generated from N+1 random-number-generation 

circuit, and the signal from 1, 2 the j-th random-number-generation circuit is inputted from 

an input terminal 500-1 - 500-j to the j-th random number, respectively, j inputted random 

numbers are weighting factors a1 and j, a2 and j aj and j like drawing 5 . Weighting is carried 

out using the multiplier of j pieces, here — a1, j, a2 and j, au and j the multiplier of j pieces — 
the combination of the arbitration of each wave — a cross correlation function rho — i and j — 

( — i= — 1 t 2 j j= — the flow shown in drawing 3 if 1, 2, ... f N+1) is given — following — ** — 

it can ask in-izing. 



[0044] The output from the weighting composition circuit 101 obtained as mentioned above is 
the normal random number with correlation of the an average of 0 distribution 1. In order to give 
the suitable time variation to shadowing of each wave here, each output of the weighting 
composition circuit 101 is graduated by the filter group 102. Here, each transfer function Hj 
{omega) of the filter group 102 is |Hj |{omega)2 =1.0. (20) 

****** j s filled and distribution and an average of each random number are saved by using what 
does not produce direct current offset. In order to give distribution of desired shadowing 
according to the output of the filter group 102 While carrying out the multiplication of the 
distribution of shadowing to each wave memorized by the memory group 107 To the pan adding 
the long section median of each wave memorized by the memory group 103, by the change-of- 
variables circuit group 104, distribution and a median change multiplication and the added normal 
random number into a log-normal-distribution random number based on a formula (14), 
respectively, and shadowing which a desired cross-correlation produces is obtained. A more 
precise propagation environment can be simulated by inputting into the existing instant 
fluctuation phasing simulator group 109 (Rayleigh fading simulator) shadowing of each wave 
obtained as mentioned above, and giving the instant fluctuation based on given shadowing. 
[0045] In addition, this invention can also be mounted using software. In this example Moreover, 
the weighting composition circuit 101, the filter group 102, a median adder unit {the memory 
group 103 and the adder group 105 which memorize the long section median of shadowing to the 
interference wave of the wave of choice, and two waves), Since all the distributed multiplication 
sections (the memory group 107 and the multiplier group 106 which memorize distribution of 
shadowing to the interference wave of the wave of choice and two waves) are linearity actuation, 
even if they replace and carry out sequence, they can acquire equivalent effectiveness. 
[0046] 

[Effect of the Invention] This invention enables it to perform easily simulation in consideration of 
the cross-correlation over the combination of the arbitration of the wave of choice, and an 
interference wave to shadowing produced in a land-mobile communication link. 
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TECHNICAL FIELD 

[Industrial Application] This invention relates to the high phasing simulator of the versatility 
which can simulate the channel in consideration of correlation of shadowing produced on the 
wave of choice, and N wave interference wave. 
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PRIOR ART 

[Description of the Prior Art] The following three phenomena can be mentioned as a factor by 
which the radio-wave-propagation environment in a land-mobile communication link is 
characterized. 

[0003] 1. Phenomenon of Changing Receiving Level Sharply if Sending Station or Receiving 
Station Carries Out Subcarrier Wavelength Order Extent Migration in order to Receive Signal 
with which Wave whose Difference of Travelling Distance is Subcarrier Wavelength Order Extent 
was Compounded (Rayleigh Fading) 

2. Phenomenon Which Distortion by Ghost or Intersymbol Interference Produces when Wave 
more than Inverse Number Order of Signal Bandwidth is Compounded for Difference of Travelling 
Distance (Frequency Selective Phasing) 

3. Fluctuation of Received Signal Level by Signal being Interrupted with Building and Tree of 
Sending Station or Perimeter of Receiving Station (Shadowing, Short Section Median 
Fluctuation) 

In a land-mobile communication link, since these phenomena compound and arise, it is necessary 
to take a very complicated propagation model into consideration. In order to simulate such a 
propagation environment, the thing (for example, Ichiro Tsujimoto, a "phasing simulator", 
Japanese Patent Application No. 2-86352) in consideration of frequency selective phasing and 
Rayleigh fading is known, on the other hand, as a simulator also in consideration of the 
effectiveness of shadowing, the thing of a configuration of simulate Rayleigh fading based on the 
value be know like drawing 2 using the data of the received signal level fluctuation by shadowing 
obtained by conduct the experiment which discharge an electric wave actually (the Kanai 

Seu'i Kondo, the Furuya "the high-speed hand off method experiment system for 

digital mobile communication", the Institute of Electronics, Information and Communication 
Engineers, a radio communications system seminar technical report, RCS89-1989 [ 37 or]). 
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EFFECT OF THE INVENTION 

[Effect of the Invention] This invention enables it to perform easily simulation in consideration of 
the cross-correlation over the combination of the arbitration of the wave of choice, and an 
interference wave to shadowing produced in a land-mobile communication link. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] As mentioned above, as a phasing simulator in 
consideration of shadowing, only the thing using the data based on an experiment is known, but 
versatility is dramatically low. Furthermore, in cellular system, the exaggerated reach of an 
electric wave etc. will receive the electric wave from two or more base stations which exist in 
the various directions with a mobile station. It is thought that mutually related high shadowing 
has produced shadowing from the base station which sees from a receiving point and exists in 
the same direction since it is generated with the surrounding building and surrounding tree of a 
transmitting point or a receiving point to the electric wave, and mutually related low shadowing 
has arisen from a base station which tends to be different to an electric wave, and in order to 
obtain the high simulator of versatility in this way, it is necessary to also take correlation of 
shadowing into consideration. 
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MEANS 

[Means for Solving the Problem] In the phasing simulator treating the wave of N+1 wave which 
consists of the wave of choice which is this invention, and N wave interference wave a) N+1 
random-number-generation circuit group which generates a respectively independent white 
normal random number process (N is the natural number), b) Input the output from said N+1 
normal random number generating circuit group, and weighting composition of -each input signal is 
carried out. The weighting composition circuit which outputs a random-number sequence group 
with N+1 correlation, and N+1 low-pass filter group which considers each of the random-number 
sequence group with N+1 correlation obtained from the c aforementioned weighting composition 
circuit as an input, d) The 1st N+1 store circuit group which memorizes distribution of the short 
section median fluctuation to the wave of said wave of choice and N wave, e) N+1 multiplier 
group which carries out the multiplication of the output of said N+1 low-pass filter group to the 
value memorized by said 1st store circuit group, f) The change-of-variables circuit which 
performs a change of variables to the output of said N+1 multiplier group, g) The 2nd N+1 store 
circuit group which memorizes the long section median over the wave of said wave of choice and 
N wave, h) It has N+1 adder group adding the long section median over the wave of said wave of 
choice memorized by said 2nd N+1 store circuit group, and a N wave to each output of said N+1 
change-of-variables circuit group. 

[0006] the normal random number generating circuit group of the phasing simulator of this 
invention — setting — a — what has respectively equal distribution is used for the independent 
white normal random number process generated from said N+1 normal random number 
generating circuit group. 

[0007] In the weighting composition circuit of the phasing simulator of this invention As opposed 
to 1, 2, N+1 N+1 input signal (N is the natural number), Ri, and i= — a) — an input signal Ri — 

( — i= — 1, 2 1st [ to N+1) ] weighting multiplier group ai and i With the store circuit group 1 

to memorize b) — said 1st weighting multiplier group ai and i said input signal Ri — < — i= — 1st 
N+1 multiplication circuit group Multii and i which considers 1, 2, N+1) as an input, respectively 

c) i-th input signal Ri (i= 1, 2 N+1) The 2nd N+H receiving weighting multiplier group ai and j 

and the 2nd store circuit group which memorizes 0=i +1. i+2 N+1), d) — said i-th input signal 

(i= 1, 2 N+1) Ri Said 2nd weighting multiplier group ai and j and 2nd multiplication circuit group 

Multii and j which considers + 1. i + 2, .... N+1) as an input e) — the inside of the output of the 

k-th multiplication circuit (k= 2, 3 N+1) (Multik and k) of said 1st N+1 multiplication circuit 

group, and said 2nd multiplication circuit group — Mutiln and k — ( — n= — 1, 2, and ... it has the 

adder group of N individual which considers the output of k-1) as an input. 

t0008] the weighting multiplier group of the weighting composition circuit of the phasing 

simulator of this application — setting — the inside of a weighting composition circuit output — 

the normalization correlation coefficient of the i-th output and the j-th output — rho — i, j 

<=rho j and i), and each square — the time of setting the average to 1.0 — [0009] 

[Equation 2] 

a) a lfl « 1.0, a XJ - />i j, a 2(2 - ^/l.O - a\ t2 , (j « 2,3, ■ • • , N + 1) 

{0010] ** — carrying out — bj= — 3, 4 the order of N+1 — j — fixing — .1001 1] 



[Equation 3] 

[0012] alike — following — i= ~ 2, 3 j-1 — ** izing like — asking — further — aj and 

j — [0013] 
[Equati on 4] 

^ j = Vl-EfcVj 

[0014] what is searched for by carrying out — ai, j, and j= — 1,2 N+1 i= — it is asking for 1, 

2 j. 
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OPERATION 



[Function] Changing R, then R by shadowing according to log normal distribution is known in the 
short section median of receiving level (for example, Moriji Kuwahara editorial supervision, a land 
mobile radiotelephone, the Institute of Electronics, Information and Communication Engineers 
issuance, Corona Publishing, Showa 60). It is here and is [0016]. 
[Equation 5] 

X « Log(/2) - log(£) (1) 

[0017] If a change of variables is carried out, X will serve as a random variable according to an 
average of 0 normal distribution. However, [0018] 
[External Character 1] 

R 

[001 9] It is the median of ** R. 

[0020] By this invention, the change of variables of the variable showing shadowing is carried out 
like a formula 1, and it thinks as a normal-distribution variable. Then, in order to consider the 
case where the wave of N+1 wave of the wave of choice and N wave interference wave exists 
and to simulate shadowing to each wave, for the independent average of N+1 piece, distribution 
is the white normal random number of 1, X1, X2, XN+1 at zero first. It generates. Furthermore, 

in order to take correlation of each shadowing into consideration, it is XI, X2 XN+1. Linear 

combination is carried out and the an average of 0 distribution 1 is each the shadowing Y1 with 

correlation by which the change of variables was carried out, Y2 YN+1. It considers asking. 

here — the correlation coefficient of the i-th wave of N+1 wave, and the j-th wave — rho — i 
and j ** — if it carries out — rhoi and j =rho — j and i (2) 
It is [0021] when object nature is taken into consideration, since it 
[Equation 6] 
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o, 



0, 0, 



0, 0, 
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a^iz+i, a2,/v+i, a 3> tf+i a/r.isr+J a/y+i.tf+r j 





f \ 




x 2 

« 






/ 





(3) 



[0022] It is enough, if it comes out and the equation shown is taken into consideration. It sets to 
this equation and a problem is <Yi and Yj> =rhoi and j. (4) 
<Yiand Yi> =1.0 (5) 

They are ai and j so that the conditions to say may be fulfilled. It comes back to the ability to 



set. Here, <Yi and Yj> are Yi. Yj An average is shown, ai and j If it can set shadowing with the 
correlation by which the change of variables was carried out will be obtained. A formula (3) and a 
formula (5). and X1+X2, ... and XN+1 From a property, it is [0023]. 
[Equation 7] 

(j2:».i i j-l.V-- i tf+l) (6) 

[0024] Moreover, a formula (3) and a formula (4), and X1, X2, ... and XN+1 From a 

property, it is [0025]. 
[Equation 8] 

Pij - £ W>J (< < 3 i « 1 . 2 f • ■ j = 2, 3, • • • , TV + 1) (7) 

[0026] **********. Here, it is a1 and 1 = 1.0 from a formula (6). for i= 1 (8) 

[0027] 

[Equation 9] 

E a ?j+ fl <j m 1-0 /or <> i (9) 



[0028] From a formula (9), it is [0029]. 

{Equation 10] 



w-Z;4 (io) 



[0030] **** Although a formula (10) can take the value from which the sign of ** differs, 

since it is easy here, a forward value is used for it. On the other hand, it is [0031] from a formula 

(7). 

[Equation 11] 
l 

P\J 03 a k 9 \*kj = *\j fori=l t j>i (11) 

Jfcnl 

Ay = 23 fl M* a * J + a >7 a '\i fori>l } j>i (12) 

[0032] Furthermore, it is [0033] from a formula (12). 

[Equation 12] 

flU = " J = E ^ (13) 

[0034] a formula (6) - a formula (13) — ai and j the flow shown in drawing 3 — 

following — ** — it can ask in-izing. ai and j the multiplier given — using — X1, X2 XN+1 the 

correlation coefficient rho given by carrying out weighting composition — i, j, i, and j= — the 
correlation defined by 1, 2, N+1 — having — the normal-distribution variable Y1 of the an 

average of 0 distribution 1, Y2 YN+1 It obtains. Y1 obtained as mentioned above, Y2, and 

YN+1 It changes into the variable which simulates actual shadowing. Namely, distributed sigmai 
to the interference wave of the wave of choice simulated so that simulation conditions may be 
suited, and N+1 wave Median [0035] 
[External Character 2] 

A 



[0036] each — multiplication — and it adds and inverse transformation of a formula 1 is 
performed. This actuation is [0037]. 
[Equation 13] 



Ri as RiUf*** i = l;2,... f JV+ 1 



(14) 



[0038] ******** — it is realizable with things, the shadowing Ri which has a cross-correlation 
over the combination of the arbitration of the interference wave of the wave of choice made into 
the object, and N+1 wave by the above, and i= — 1 t 2 N+1 can be obtained. 
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EXAMPLE 



[Example] The example which applied this invention when the interference wave of the wave of 
choice and two waves was taken into consideration is shown in drawin g 1 . The random-number- 
generation circuit group from which 100 becomes the radical of shadowing to the interference 
wave of the wave of choice, and two waves in drawing, The memory group 101 remembers the 
long section median of shadowing [ as opposed to / as opposed to / in a weighting composition 
circuit and 102 / a filter group / the interference wave of the wave of choice, and two waves in 
103 ] to be, As for the memory group which memorizes distribution of shadowing [ as opposed 
to / 104 / 105 / a change-of-variables circuit group and / as opposed to / in an adder group 
and 106 / a multiplier group / the interference wave of the wave of choice, and two waves in 
107 ], and 108, an output terminal group and 109 are instant fluctuation phasing simulator groups. 
By the random-number-generation circuit group 100, the three normal random numbers with 
which each becomes independent are generated in the an average of 0 distribution 1 used as the 
radical of shadowing to the interference wave of the wave of choice, and two waves. These 
random-number groups are inputted into the weighting composition circuit 101, and the 
correlation defined beforehand is given. 

[0040] When taking into consideration the interference wave of the wave of choice, and two 
waves, the weighting composition circuit 101 can be constituted like drawin g 4 . As for an adder, 
and 410-414, for an input terminal, and 403-407, in drawin g 4 , memory, and 415-417 are [ 400- 
402 / a multiplier and 408,409 ] output terminals. The random number used as the radical of 
shadowing of the wave of choice outputted from the random-number-generation circuit group 
100, an interference wave 1, and an interference wave 2 is inputted from input terminals 400- 
402, respectively, and weighting composition is carried out as shown in drawing 4 . Here, it is 
rhoD-I1, rhoD-I2, and rhoI1-I2. It is the correlation coefficient which the wave of choice- 
interference wave 1, the wave of choice-interference wave 2, and the interference wave 1- 
interference wave 2 are made to produce and which was defined beforehand, and is rhoD-I1, 
rhoD-I2, and rhoI1-I2 in memory 410-413. It considers as a variable and is [0041]. 
[Equation 14] 

410 « px>_/i (15) 

414 ~ pxw! (16) 

4U = \/l - P 2 d-ix (17) 
412 = P/i-n-Pg-n-Pg-ii <lg) 



413 



(19) 



[0042] The value come out of and given is memorized. Weighting is carried out by memory 410- 
414, the adder 408,409, and multipliers 403-406, desired correlation is added, and the random- 
number group generated from the random-number-generation circuit group 100 is outputted, 



respectively as a random number in which shadowing with the correlation over the wave of 
choice, an interference wave 1, and an interference wave 2 is shown from output terminals 415- 
417. 

[0043] Generally, when taking into consideration N+1 of the wave of choice, and N wave 
interference wave wave, the part of the weighting composition circuit to the input random 
number of j and eye watch (j= 1. 2, N+1) can be constituted like drawing 5 . For an input 
terminal group, 501-1 - 501- G-1), and 502, as for an adder, and 504-1 - 504-j, in dh^wngj) , a 
multiplier and 503 are [ 500-1 - 500-j / memory and 505 ] output terminals. When taking N+1 
wave into consideration, a random number is generated from N+1 random-number-generation 

circuit, and the signal from 1, 2 the j-th random-number-generation circuit is inputted from 

an input terminal 500-1 - 500-j to the j-th random number, respectively, j inputted random 

numbers are weighting factors a1 and j, a2 and j eu and j like drawing 5 . Weighting is carried 

out using the multiplier of j pieces, here — a1, j, a2 and j, su andj the multiplier of j pieces — 
the combination of the arbitration of each wave — a cross correlation function rho — i andj 

( — i= — 1, 2 j j= — the flow shown in drawin g 3 if 1, 2, N+1) is given — following — ** — 

it can ask in-izing. 

[0044] The output from the weighting composition circuit 101 obtained as mentioned above is 
the normal random number with correlation of the an average of 0 distribution 1. In order to give 
the suitable time variation to shadowing of each wave here, each output of the weighting 
composition circuit 101 is graduated by the filter group 102. Here, each transfer function Hj 
(omega) of the filter group 102 is |Hj |(omega)2 =1.0. (20) 

****** is filled and distribution and an average of each random number are saved by using what 
does not produce direct current offset. In order to give distribution of desired shadowing 
according to the output of the filter group 102 While carrying out the multiplication of the 
distribution of shadowing to each wave memorized by the memory group 107 To the pan adding 
the long section median of each wave memorized by the memory group 103, by the change-of- 
variables circuit group 104, distribution and a median change multiplication and the added normal 
random number into a log-normal-distribution random number based on a formula (14), 
respectively, and shadowing which a desired cross-correlation produces is obtained. A more 
precise propagation environment can be simulated by inputting into the existing instant 
fluctuation phasing simulator group 109 (Rayleigh fading simulator) shadowing of each wave 
obtained as mentioned above, and giving the instant fluctuation based on given shadowing. 
[0045] In addition, this invention can also be mounted using software. In this example Moreover, 
the weighting composition circuit 101, the filter group 102, a median adder unit (the memory 
group 103 and the adder group 105 which memorize the long section median of shadowing to the 
interference wave of the wave of choice, and two waves), Since all the distributed multiplication 
sections (the memory group 107 and the multiplier group 106 which memorize distribution of 
shadowing to the interference wave of the wave of choice and two waves) are linearity actuation, 
even if they replace and carry out sequence, they can acquire equivalent effectiveness. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin g 1] It is the schematic diagram showing the example which applied invention of the 1st 
of this application when the interference wave of the wave of choice and two waves was taken 
into consideration. 

[D rawin g 2] It is the schematic diagram showing a Prior art. 

[ Drawin g 3] It is the flow chart which shows the flow which asks for the weighting factor of the 
weighting composition circuit 101. 

[Drawing 4] It is the schematic diagram showing the example of the weighting composition circuit 
at the time of taking into consideration the interference wave of the wave of choice, and two 
waves. 

[Drawing 5] It is the schematic diagram showing the weighting circuitry to the output of the j-th 
random-number-generation circuit at the time of generally taking N+1 wave into consideration. 
[Description of Notations] 

100 Random-Number-Generation Circuit Group Used as Radical of Shadowing to Interference 
Wave of Wave of Choice, and Two Waves 

101 Weighting Composition Circuit 

102 Filter Group 

103 Memory Group Which Memorizes Long Section Median of Shadowing to Interference Wave of 
Wave of Choice, and Two Waves 

104 Change-of^Variables Circuit Group 

105 Adder Group 

106 Multiplier Group 

107 Memory Group Which Memorizes Distribution of Shadowing to Interference Wave of Wave of 
Choice, and Two Waves 

108 Output Terminal Group 

109 Instant Fluctuation Phasing Simulator Group 

200 Memory Circuit Group Which Memorizes Shadowing Data Obtained in Measurement 
Experiment 

201 Rayleigh Fading Simulator Group Which Simulates Instant Fluctuation Phasing 

202 Output Terminal Group 
400-402 Input terminal 
403-407 Multiplier 
408,409 Adder 

410-414 Memory 
415-417 Output terminal 

500- 1 - 500-j Input terminal group 

501- 1- 501, - G-O. 502 Multiplier 
503 Adder 

504-1 - 504-j Memory 
505 Output Terminal 
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